The effects of anabolic implants, growth phase (growing vs finishing) and rate of growth on the priorities for protein and fat deposition were determined in yearling cattle.
Introduction
Although anabolic implants have been used in beef cattle in all stages of growth, their ' modes of action are not understood clearly and may differ during different stages of growth. Mechanisms attributed to anabolic agents include alterations in endogenous hormone levels, alterations in enzyme activity associated with protein turnover (Lemieux et al., 1985) , reductions in protein turnover (Sinnett-Smith et al., 1983) and redirection in priorities for protein and fat deposition (Byers, 1982) . The relative effectiveness of anabolic implants in redirection of partitioning (repartitioning) of nutrients to protein growth vs fat growth and in modifying growth rates during phases of growth and with stages of maturity would be expected to reflect differences in response.
Stage of maturity is an important determinant of the priority and physiological ceiling for protein accretion. Priorities for and rates of protein deposition are greater in physiologically immature animals (Beitz, 1985) . When an animal reaches approximately 50 to 60% of its mature weight, metabolic priorities shift from protein to lipid accretion (Trenkle and Marple, 1983) .
Different rates of net protein synthesis relative to m o v e r account for a portion of the difference in protein accretion rates in beef cattle during growing vs finishing phases. Rapid rates of protein accretion are possible in the early phase of growth when less protein is present, but rates of protein accretion decrease with advancing age. Anabolic growth regulators may influence growth differently, with stage and rate of growth depending on current animal priorities for growth.
Therefore, this study was conducted to quantify the growth regulation and repartitioning effect of two different anabolic implants during growing and finishing phases over a range of rates of growth and at differing stages of maturity.
Experimental Procedure
Crossbred yearling steers (Santa G e m d i s x Fl Hereford Brahman; n = 45) weighing 290 kg were stratified by weight and randomly allocated (five/group) to a 3 x 3 factorial arrangement of treatments. Cattle (8 to 10 mo of age) were obtained from a single ranch and had not been implanted previously. Cattle were individually fed one of three diets and either not implanted or implanted with Ralgro (zeranol, 36 mg) or Synovex-S (estradiol benzoate, 20 mg and progesterone, 200 mg) implants. Steers receiving an implant were implanted initially and at 90-d intervals thereafter. Four cattle were removed from the study for disposition and health reasons not related to the research and one slow-training steer slated to receive an implant was re-assigned as nonimplanted. Cattle were trained to eat from individual feeding gates prior to the start of the growing period.
To obtain a range of growth rates, diets consisted of whole plant grain sorghum silage and reconstituted sorghum grain fed in three combinations (85-0, 40-50 and 5-89, % of diet, DM basis) with 10.7, 5.8 and 2.1% cottonseed meal and with a premix supplement at 4%. The premix contained 12.5% cottonseed meal, 10.0% sorghum grain, 40.0% calcium carbonate, 12.5% ammonium sulfate, 8.75% potassium chloride, 6.25% deflourinated phosphate, 5.0% salt, 4.375% trace mineral mix, .119% vitamin mix (provided@ of diet: 8, 818 IU vitamin A, 661 IU vitamin D and 8.8 IU vitamin E) , .0125% ethylenediamine dihydriodide and .5% mineral oil. No ionophore was included. Silage was stored at 40% DM in silo bags. Grain was reconstituted by adding water to whole grain and storing the material in an oxygen-limiting silo at 80% DM. Grain was rolled prior to feeding. Diets (Table 1) were formulated to contain 14% CP during the first 45 d and 12% CP thereafter and averaged 13.6, 12.4 and 11.5% protein (by analysis) over the experiment. Diets were completely mixed and were available ad libitum with fresh feed added once daily. Steers were maintained in an open feeding facility, with concrete floors and partially roofed pens, and fed in a Calan gate system with one steer assigned to each gate.
Empty body composition of all steers was measured initially and at 100 d via a two-pool deuterium oxide (D20) dilution procedure using equations of Byers (1979b) and standardized animal management, infusion procedures, sample collection, sample processing and D20 analysis (Byers, 1979a) . In recent research (Byers and Schelling, 1986) with 10 yearlings comparable to those in the current sutdy, D20 estimates for initial quantities of empty BW, protein and fat were similar to chemical composition means, and estimated and chemical percentage fat also were similar (17.5 vs 17.6%). The cattle were fed to a similar expected empty body weight and slaughtered on an individual basis with final composition determined by carcass specific gravity (Garrett and Hinman, 1969) .
Data were analyzed using the SAS GLM procedure (SAS, 1982) . The fixed effects model included the main effects of anabolic implant and diet. Diet main effects and interactions were not significant for any of the growth traits measured and were excluded from the analysis. A covariate of In daily empty body gain within implant class was used to assess rates of protein and fat gain at comparable rates of growth. The StudentNewman-Keul's test (Steel and Tome, 1980) was used to separate least squares means when significant main effects were detected. Orthogonal contrasts also were used to contrast nonimplanted cattle with implanted cattle.
Regressions of protein growth vs empty body gain were derived for cattle receiving each implant during the growing and finishing phases (initial to interim and interim to final empty body composition, respectively) and over the total feeding period. Phases of growth inherently include chronological time and degree of maturity, both of which increase from growing through finishing. Quadratic regressions of empty BW. protein and fat vs time were established for each steer from initial, midterm, and final composition measurements. The first derivative of these functions vs time was evaluated with respect to rate of growth for each implant treatment. Functions relating daily protein gain to both daily empty body gain and days fed were developed from the first derivative of these regressions for assessing repartitioning with time using GLM procedures. Period effects were tested by split-plot analysis.
Results and Discussion
Live weight gain (kg/d, SE .07), DMI (kg/d, SE .5) and DWgain (SE 1.0) averaged .80, 8.98, 12.6; 32, 8.36, 10.8; and .91, 9 .14 and 10.6 for none, Ralgro-and Synovex-implanted steers, respectively, with no significant differences between treatment groups either within or across diets. By design, diet induced variation in growth and performance of these individually fed cattle; this variance precluded detection of differences between implant treatments. Average daily gain (kg), DMI (kg/d) and DWgain averaged 3 7 , 10.6, 12.6, .77, 8.4, 12.6; and 39, 7.7 and 8.9 for steers fed the silage, mixed and grain diets, respectively. Dry matter intake was greater (P c .01) for cattle fed silage than for those fed mixed or grain diets, whereas DM/gain was lower (P c .OS) for cattle fed grain than for those fed the mixed or the silage diet.
Initial empty body composition (Table 1 ) averaged approximately 18% empty body fat and was typical for average mature size yearling steers (Fox and Black, 1984) . At 290 kg, these steers had reached about 63% of their target slaughter weight and had similar quantities of empty body protein and fat (52.6 and 50.9 kg, respectively). During the 100-d growing phase, cattle gained an average of 11.6 kg of protein. Empty body fat increased by 6.8 kg, which was 11% of all weight gain. In contrast, during the succeeding finishing phase, which averaged 134 d, fat increased an average of 46.7 kg and accounted for 43% of all weight gained. Implants increased the quantity (P < .01) of protein (76.2 vs 79.4 and 81.7 kg for none, Ralgro and Synovex respectively) and percentage of protein (P < .lo) and reduced (P c .lo) the percentage of fat (24.4 vs 21.7. 21.8%) present at termination.
Reflecting phases of growth and degree of maturity, rate of empty body gain was 41% greater (P < .01) during the finishing phase than during the growing phase (843 vs 594 gf d, respectively; Table 2 ). Although rates of protein gain were similar in growing and finishing phases (1 16 vs 113 g/d, respectively), rates of fat deposition were over five times greater (P c .01) in the finishing phase (378 vs 69 g/d). As a consequence, the percentage of protein in empty body gain decreased (P < .01) from 20.3% in the growing phase to 13.9% in the finishing phase.
The impact of anabolic agents on rate and composition of tissue growth is presented in Table 2 . Diet effects were nonsignificant (P > SO) in statistical models including rate of gain, indicating that rate of gain accounted for all diet effects in this study. A wide range of growth rates were achieved as planned and, as a result, with this variation rate of empty body gain during the growing phase was not significantly affected by implant status, although both implants tended to increase daily protein gain (P c .12). Rates of protein gain tended to be greater with Synovex, due in part to a more rapid rate of empty body gain. Rates of fat deposition, although low even for nonimplanted cattle (144 g/d), were reduced (P c .04) with implants vs none; the reduction was 58% with Synovex and essentially all energy available for growth was repartitioned to protein with Ralgro. With Ralgro, essentially all growth was in the form of lean body mass, and slower-growing animals appeared to have mobilized (lost) fat. As a consequence of this repartitioning response, percentage protein in gain was increased (P c .09) from 17.5% for nonimplanted cattle to 23.8 and 19.7% for cattle implanted with Ralgro or Synovex, respectively. Byers et al. (1985) reported that Ralgro and Synovex increased the rate of protein gain by 22 and 17% (from 162 g/d) and decreased the rate of fat gain during the growing phase in medium and large frame steers.
In contrast to results from the growing phase, daily empty body gains of implanted cattle tended to be greater (P < .12) during the finishing phase, averaging 15% more than daily empty body gains of nonimplanted cattle. Rates of protein gain were similar across phases for each implant group. As in the growing phase, both implants increased (P < .03) daily protein gain, resulting in increases of 24 and 42% in steers implanted with Ralgro or Synovex, respectively. Anabolic implants effected this increase in protein gain with no change in rates of fat deposition, indicating that muscle retains its sensitivity to anabolic regulation, allowing partition of numents toward protein rather than fat.
Overall growth reflected the summation of growing and finishing phase responses. Rates of protein deposition in cattle implanted with Ralgro or Synovex were increased (P < .Ol) 22
and 37%, respectively, over the 96 gfd observed for nonimplanted cattle. With only slight changes in empty body gain, the enhancement in protein growth occurred at the expense of fat and rates of fat deposition tended to be reduced (P < .12) with implants.
Both Ralgro and Synovex increased (P < .04) the percentage of protein in empty body gain in a similar manner, indicating that at these average rates of gain, both implants were similar in effectiveness of repartitioning. In other work, reimplanting with either Ralgro or Synovex increased daily protein gains by 14 and 20% in Charolais-cross steers ( b y et al., 1982) and by 18 and 28% in medium and large mature size steers .
Because most of the enhancement in protein growth with either anabolic agent occurred through a repartitioning of numents from fat deposition, the extent of repartitioning was evaluated at a common rate of growth through a within-implant subclass covariate of In daily empty body gain ( of fat deposition were decreased (P < .Ol), and the percentage of protein in gain at the average rate of gain was increased (P < .01).
To evaluate the relationship of daily protein gain to daily empty body gain, semilog regressions describing daily protein gain as a function of the log of daily empty body gain, including implant group, for each phase and overall were derived ( Table 4) . Beweem the growing and finishing phase, daily protein gain at any rate of gain decreased (P < .01) for all three implant groups, reflecting a lower priority for protein growth during the finishing phase. During each phase and over the total feeding period, the slopes of daily protein gain vs rate of gain for Ralgro and Synovex were greater (P < .01) than for non implanted cattle, documenting the increased fraction of protein in gain with implants.
The relationships between rate of protein growth and rate of empty body gain, by phase, are illustrated in Figure 1 . During all phases and at all rates of empty body gain illustrated, implanted cattle deposited more (P < .05) protein than nonimplanted cattle. Cattle implanted with either Ralgro or Synovex in the growing phase partitioned numents similarly and deposited more protein than nonimplanted cattle, with the differential increasing (P < .01) with increasing rate of empty body gain. During the finishing phase, cattle implanted with either Ralgro or Synovex deposited protein at greater rates than nonimplanted cattle, with the differential increasing (P < .Ol) with increasing rates of growth. From Figure  1 , it is evident that Ralgro was relatively more effective at redirecting growth during the growing than during the finishing phase. Synovex was more effective than Ralgro during the finishing phase, especially at more rapid rates of growth. The difference in the effectiveness of Ralgro and Synovex during growing and finishing phases may reflect differences in the release rate, effective dose or mode of action of these implants.
Growth does not occur in distinct phases (Le., growing, finishing), but rather it changes continuously with time and degree of maturity. To better define changes in growth with time, partial regression coefficients from the least squares model for describing daily protein growth as a function of the log of daily empty b,c*d*eNone vs implanted differ (P < .12. P < .04, P < .09, P c .03). f*gPhase means for growing and finishiigphases for respective variables with different letters in their superscripts differ (P < .01).
k'Anatmlic agent means in the same row with di~wcnt leners in their superscripts differ (P c .OS) body gain and the log of time on feed for each implant treatment are indicated in Table 5 . This model is based on rates of tissue growth from the first derivative of quantity vs time in each animal. Rates of protein deposition increased with the log of rate of empty body gain for all groups, with the slopes being greater (P < .01) for implanted vs nonimplanted cattle. This relationship indicates that the effectiveness of anabolic agents in enhancing protein growth increased with increasing rates of gain, which is consistent with other work (Byers, 1982) . Reflecting the decreasing priority for protein growth with time (Beitz, 1985) . rates of protein deposition at any rate of gain decreased ( P < .OOl) with the log of days on feed. The reduction in the net rate of protein deposition with time reflects the increasing mass of protein being maintained and the increasing quantity of protein turning over in cattle over time. Whimnore and Fawcett (1976) suggested that the rate of protein accretion decreases as protein mass increases because total turnover becomes an increasing fraction of total synthesis and, as a result, the energy cost per unit of net protein accretion increases.
The relationships of daily protein growth to daily empty body gain were generated for three times during the feeding period and these are illustrated in Figure 2 . As is evident, cattle receiving Ralgro or Synovex implants deposited more protein at all rates of growth (P < .05) over all stages of growth than nonimplanted cattle did. This differential increased (P < .01) with rate of growth, reflecting the greater slopes (Table 5) The relationships of daily fat deposition to daily empty body gain generated for these Response of daily empty body protein gain to anabolic slatus, daily empy body gain and phase of growth in steers (regression S of 6.3, 5.7 and 2.8 g for growing, finishing and overall p L ) .
three times during the feeding period also are illustrated in Figure 2 . Fat gain for these regression analyses was calculated as the difference between empty body gain and lean body gain (containing 22% protein). Rates of fat deposition increased for all treatment with time on feed. At 20 d, implanted cattle were partitioning most feed energy toward protein growth. The negative rates of fat deposition at slow rates of growth indicate that slowgrowing cattle also were mobilizing fat to provide energy to permit protein growth. At 120 d. fat deposition was positive in all cattle and lower in implanted cattle, reflecting repartitioning toward protein growth. At 220 d, all cattle were depositing extensive quantities of fat, however, implanted cattle were still repartitioning energy from fat growth to protein growth during this period.
Although Ralgro was effective in enhancing protein growth at all rates of gain throughout the feeding period, it was most effective earlier in the feeding period. In contrast, Synovex was more effective than Ralgro ( P < .Ol) in enhancing protein deposition later in the feeding period (Figure 2) . These results, which incorporate measures of composition at three times and model the effects of growth rate and time on feed on rate of protein growth, are consistent with the results obtained analyzing protein growth in two phases. These results also are consistent with work of Byers et al. (1985) . which indicated that Ralgro was more effective in stimulating protein growth during the growing phase, whereas Synovex was more effective during the finishing phase. These differential responses parallel expected timing and pattern of implant release, with the peak zeranol release expected shortly following administration and peak estrogen release from Synovex occurring much later. In summary, implanting steers increased daily empty body protein gains during growing (P < .12) and finishing (P < .03) phases. The increased rates of protein growth during the growing phase occurred concomitant with mobilization of fat in slow-growing animals and a reduction in fat gain in others; during the finishing phase, the increased rate of protein deposition reflected both repartitioning of nutrients to protein growth rather than fat deposition and greater rates of empty body gain. Ralgro and Synovex redirected the priorities for protein and fat deposition at any rate of growth during both phases of growth.
lmplicationr These results evaluating nutrient partitioning response of anabolic growth regulators over phases of growth indicate that both estrogen and zeranol repartition use of absorbed nutrients from fat to protein. Differences in effectiveness of these implants between phases of growth reflects expected patterns of delivery and indicates the potential for developing more effective growth regulators for further enhancing lean tissue growth.
